Estimation method of hedge ratio is a crucial step in hedging strategies in the commodity futures market. This study examines the effectiveness of hedging strategy against cash position in Indonesia's cocoa beans and Robusta coffee spot market using three hedge ratio estimation methods: OLS, Vector Error Correction Model, and Threshold-ARCH. The results show the hedging effectiveness in the Jakarta Futures Exchange is considerably highly effective to reduce the impact of fluctuations of spot price. The effectiveness of hedging strategy using OLS as the simplest method is close to VECM method and TARCH. Implementation OLS hedge ratio resulted the highest hedging effectiveness and give a strong support for market players in executing a hedging strategy in Jakarta Futures Exchange due to OLS simplicity in estimation procedure
Introduction
Price fluctuation is the main problem in agricultural sector development and in farmers 'welfare improvement. Price fluctuation affects development of agricultural commodities processing industry because when farmers are seriously hit by drastic price decline, they will reduce production for the next period. Supply becomes unstable and volatile so it is difficult to determine optimal processing plant capacity. Lower prices for certain agricultural products also led to social problems in the form of rising crime rate because many farmers are trapped in poverty line which deep price drop cause serious damage to their income and they must struggle to meet basic physical needs. Finding an effective and efficient hedging strategy becomes very important nowadays, not just for farmers or Agribusiness Company but also for sake of economy resiliency and social stability. Galtier (2013) show that there are two approaches used by many countries in the world to maintain the stability of natural commodity prices: direct market price intervention by adjusting the amount of supply or by facilitating more efficient price discovery through commodities futures market so that the process of price creation fully reflects all the interested parties/stakeholders. The first approach is to create price stability by maintaining a balance of compensation between producers / farmers with consumers by monitoring and manage strict logistics among surplus and deficit region and between harvest period when supply is abundant and with period of supply. Price stability strategy translates into stock strategies and when to release that stock to the market at the right time. This approach is the most conventional approach and proved quite effective in some countries. The second approach is to reduce price volatility through the creation of price mechanisms in the commodity futures markets. Future exchanges provide a facility for all interested parties to determine price level at delivery time by agreeing a futures contract. Futures Contract agreements set commodity price (futures price) and the amount of goods (quantity) in a period before the delivery date. Futures price reflect all parties agreement about fair price at delivery time. For farmers, certain price that has been agreed in futures contract reduces revenue uncertainty. Farmers can focus more on to produce agreed quality and quantity of commodities to meet the futures contract at the lowest cost. On the other hand, consumers also can obtain price certainty against price volatility in the spot market.
Jurnal Ekonomi
The second approach which uses commodity futures market as market price mechanisms is a common among developed countries where market prices is created from market mechanism but they are still able to maintain the balance of benefits for producers and consumers. The biggest challenge for implementing futures market mechanism is to educate all related stakeholders because make a transaction in futures exchanges is considerably a new experience for most of them. Futures contract has not been widely understood yet by the business society. Government should make an intensive education program to make more businessmen understand and are able to take advantage of futures contracts as an effective hedging device with an efficient implementation cost. Scientific research are required to reveal the various alternative methods of hedging and measurement of hedging effectiveness as criteria for selecting the best hedging strategy. This is what has been done by all the countries which tried to build an effective commodity markets in their respective countries in order to achieve commodity prices stability and to develop natural commodities processing industries more rapidly and improve agricultural products value-added. Indonesia is one of the biggest cocoa and coffee exporters in the world (Figure 2 and Figure  3 ), but most of world's coffee and cocoa futures contracts transaction are not in Indonesia. It is ironic, as a member of the biggest cocoa and coffee producers, Indonesia still play a minor role in directing world price of cocoa and coffee through world futures market. Indonesia's weak position in cocoa and coffee price determination is due to lagging development of commodity futures exchange in Indonesia. The focus of hedging strategy is in hedge ratio determination. Hedge ratio is the proportion of cash positions that should be protected with an opposite position in the futures market. By taking a short position in the futures market in the opposite direction against a long position in the spot market, the impact of price fluctuations in the spot market can be minimized. Fluctuation of portfolio value can be minimized by using futures contracts as a hedging instruments.
(1)
Where, is portfolio value that are hedged by futures contract.
is quantity of long position in the spot market. is dalah quantity of short position in the futures market. Spot price is asset price in physical market at a point of time. Futures price is agreed price on a commodity in the futures market for future asset delivery.
Maximum hedging strategy is strategy that guarantee price changes in the spot market not cause any changes at all to the value of the portfolio or. ratio that guarantee zero portfolio changes is maximum hedge ratio. Instead of holding maximum hedge ratio, each market player choose optimal hedge ratio which in line with his own risk-aversion level. Because take a long position in a future contract needs money to implement, the benefit of futures contract is very subjective reflecting each player's individual risk tolerance. However, if we can determine maximum hedge ratio and implement it in a relatively easy procedure in the market, we may assure the futures market gives a good opportunity to protect our portfolio from price fluctuation in the spot market.
There are a lot of empirical research examining the effectiveness of hedging strategy in the various existing commodity futures markets using various hedge ratios which are measured by several different methods. The hedge ratio measurement methodologies are divided into two major groups, static hedge ratio and time varying hedge ratio. Static hedge ratio assumes relationship between spot price and futures price is constant over time so that the proportion between the quantity of futures contracts and cash position in the spot market is also constant and can be determined for a relatively long period. The simplest static hedge ratio is estimated by using OLS regression model. This simplest hedge ratio is problematic when there is a contegration relationship between spot price and futures price (Juhl, et al 2012) . Time varying hedge ratio assumes the spot price volatility have a changing correlation, that varies over time, with price volatility futures. Assumptions of time varying hedge ratio is pretty much supported by previous research as showed by Cotter and Hanly (2012) and Juhl et al (2012) . However, the implementation of time varying hedge ratio requires higher cost because hedge ratio can vary over time reflecting correlation of spot and futures price volatility. Time varying hedge ratio requires more complex to model and requires more advance econometric expertise to estimate, such as Yang and Allen (2005), who use multivariate GARCH and Ku, et al (2007) who use Dynamic Conditional Correlation (DCC) Some previous research show interesting results that the simplest hedging strategies using simple hedge ratio measurement method such as an OLS regression model have a higher hedging effectiveness than other more complex methods (Moschini and Myers, 2002 , Lien, 2005 , and Gupta and Singh, 2009 . Moreover, if the transaction costs and all other non-economic costs such as labor cost and cost of time to implement a continuous balancing between the quantity of futures contracts and cash position in the spot market are taken into account in the measurement of the effectiveness of hedging, the simplest method of hedge ratio measurement become superior. It is found also by Gupta and Kaur (2015) in India, Bhargava and Malhotra (2007) in some Asian countries, and Lien (2005) in the United States and some European countries. Juhl et al., (2012) show the effectiveness of hedging strategy in the short term by using simpler method is higher than using the more complex method. Some researchers suggest that the effectiveness of hedging strategy is not only influenced by appropriate hedge ratio measurement method but also affected by market liquidity conditions (Gupta and Singh, 2009 ) and asymmetric behavior of spot and futures price volatility (Cotter and Hanly, 2012) . Low liquidity causes the spot price and futures prices both do not reflect the actual market value. Meanwhile, the asymmetric volatility causes volatility is in much different state between changing market conditions, such as full positive sentiment, neutral and negative periods. Alizadeh and Nomikos (2004) shows every stage of the development of commodity futures markets requires a different hedge ratio determination method and hedging strategy.
This research measure maximum hedge ratio of cocoa and coffee in the Jakarta Futures Exchange using two methods of static approach that are OLS and VECM and the time varying hedge ratio using TARCH model, a time varying volatility model. VECM is used to overcome the problem of Cointegration between spot and futures price. TARCH or Threshhold ARCH is used to accommodate the asymmetric behavior of spot and futures prices. The effectiveness of hedging strategy by implementing this three hedge ratio will be tested by using hedging effectiveness measures which is generally used also in previous research, for example, Cotter and Hanly (2012) and Juhl et al (2012) . By revealing the effectiveness of the hedging strategy implementing this three different methods of hedge ratios measures, this study is not only an academic empirical test that help us to deeper understandings of less liquid commodity futures exchange such as in Indonesia, but also give an important reference for practitioners in developing hedging strategies and how to implement those strategy in Indonesia futures exchanges context.
Research Method 2.1 Data
Cocoa and coffee futures prices data are obtained from Jakarta Futures Exchanges. Futures price is daily settlement price for a futures contract on cocoa beans and coffee with maturity and recorded in the Jakarta Futures Exchanges since November 2013 until December 2016.
Cocoa and coffee spot prices data are obtained from Datastream Thomson Reuters. Cocoa and coffee spot price are FOB (Free on Board) prices, excluding insurance and freights. Analysis of the relationship between the time series data and the spot prices and futures prices is done by using time series regression model based on Ordinary Least Square (OLS) estimation method and time series econometric models such as Cointegration Test, VECM and asymmetric volatility models TARCH. Cointegration test is used to prove the existence of a cointegration relationship between the spot price and the futures price before we calculate the hedge ratio with VECM models. TARCH Model is used to model the volatility of the spot price and the futures price. All three models, OLS, VECM, and TARCH will produce three hedge ratios which are tested its effectiveness in reducing the volatility of asset portfolio in the next period. Hedging effectiveness is how much portfolio return volatility can be pressed by implementing a specific hedge ratio, as defined by Juhl, et al (2012) and Cotter and Hanly (2012) . Comparison between the three hedge ratios' hedging effectiveness can reveal the performance of hedge ratio measurement method and which one is most suitable with the conditions of commodity futures markets in Jakarta OLS, VECM and TARCH-based Hedge Ratio The study follow hedge ratio measurement method explained by many previous researchers, such as Juhl, et al (2012) , Cotter and Hanly (2012) and Gupta dan Singh, (2009) .
The simplest hedge ratio is estimated using OLS estimation method on following time series regression model: ,
h is hedge ratio which is estimated by using Ordinary Least Square method (OLS). OLS regression coefficient is BLUE (Best Linear Unbiased Estimator) if the error term / residuals meet assumptions: . To make sure those assumptions, the residuals generated from estimating equation (5) are need to be check whether there is an indication of serial correlation and heteroscedasticity. To detect serial correlation, we may use Breusch-Godfrey test and to detect the presence of heteroscedasticity in the residuals, we may do ARCH LM test (Engle 1982) . Engle and Granger (1987) prove that the estimated regression between two non stationary financial time series generally have a fundamental econometric modelling problem because it generally produces a spurious regression equation where the regression residual is non stationary as well and violates the assumption of OLS. However, Engle and Granger (1987) also show the residuals generated from estimation of the regression equation with nonstationary time series could be stationary when there is a cointegration relationship between the time series. They also build cointegration test method known as the Engle-Granger Method.
Lien (2004) shows that optimal hedge ratio which is estimated by OLS tend to be too low (underestimated) when there is a cointegration relationship between futures and spot prices. Cointegration between futures price and spot price is need to be detected in advance using the EngleGranger method (Engle and Granger 1987) before we use the regression as a hedge ratio estimator. First, stationarity of spot price and futures price should be tested by using Augmented DickeyFuller test (Dickey and Fuller 1981) . Financial variables are usually not stationary at the data level of data because they has a random pattern of movement. If the futures price and the spot price are both non-stationary and regression between the two (equation 6) produces stationary residual, we may conclude there is a cointegration relationship between spot price and futures price and equation 6 is a cointegrating equation. Cointegrating equation reflects the long-term equilibrium relationship between the futures price and the spot price. ,
Long-term equilibrium may be violated in the short term, but disequilibrium always will be eliminated through a process of error correction (Engle and Granger, 1987) . Vector Error Correction Model allows us to measure the speed of error correction so that the return back to equilibrium. Cointegration relationship and error correction model between spot price and futures price are described in the system of equations 7 and 8: (7) (8) λ is the speed of adjustment or speed error correction mechanism to the long-term equilibrium and are vector of time series residuals (innovation) which is generated from the estimated VECM system of equations (equations 7 and 8)
Hedge ratio estimated by above VECM is calculated through this following equation 9: (9) is covariance between , which is equation 7 residuals and , which is equation 8 residuals.
is variance of , residuals in equation.
Hedge ratio estimated by TARCH model is calculated through following equation 10: (10) is coefficient of correlation between spot price volatility and futures price volatility. and are TARCH conditional variance of spot price and futures price.
Treshhold ARCH (TARCH(1.1)) is:
EViews, a time series econometrics software, is used to estimate model TARCH (1,1) as conditional variance of spot price and futures price.
Hedging Effectiveness Calculation
The effectiveness of a hedging strategy is reflected in its portfolio return volatility. An effective hedging strategy reduce volatility in significant level. Risky cash position in the spot market may not affect total portfolio return if we can find an optimal hedge ratio. The number of futures contracts held in total portfolio directed by hedge ratio which is produced by a measurement method. In this study, the hedge ratio is calculated through three methods: OLS, VECM, and TARCH. Hedging effectiveness of the three hedge ratio will be compared. Hedging effectiveness of a hedge ratio is calculated through the following formula: (12) , return volatility of unhedged portfolio will be same as spot price volatility.
Variance of Hedged Portfolio Return is calculated as a Markowitz's minimum variance portfolio: is covariance between variance of spot price and variance of futures price Hedging effectiveness is calculated every day at 1-month futures contracts maturity date for each hedge ratio: OLS, VECM, and TARCH. Hedge ratio is set one month earlier, hedging cost is calculated based on futures price at that day and number of futures contracts purchased. At maturity date of that futures contract, we may calculate the impact of the purchased futures contract on total portfolio returns considering spot price at that day. Based on daily total portfolio return, we may calculate volatility of total portfolio return in a given observation period.
Results
The results of hedge ratios estimation with OLS estimation method by using all data is shown in Table 1 . OLS Hedge ratios are static at 0.63 for cocoa beans and 0.78 for coffee. Static hedge ratio by using all data are criticized by some experts such as Bhargava and Malhotra (2007) , Juhl et al (2012) , Gupta and Kaur (2015) for its reliability because that static measurement method which is in the sample test does not reflect the real condition faced by practitioners. Juhl et al (2012) propose a rolling windows of latest 3 month data to estimate a hedge ratio which is set to position for the next month. This study uses the method proposed by Juhl et al (2012) . The average and variance of monthly hedge ratio with OLS method can be seen in Table 2   Table 1 . OLS Hedge Ratio (All Data) Note: *** significant at 1% level of error, ** significant at 5% level of error, * significant at 10% level of error Breusch Godfrey serial correlation LM test on error term equation 6 which is estimated by OLS shows that residual serial correlation is quite strong. The test rejects the hypothesis of no serial correlation up to order four. The Q-statistic and the LM test both indicate that the residuals are serially correlated and the equation should be re-specified before using it for hypothesis tests and forecasting. ARCH LM test also shows the presence of heteroscedasticity. Test Breusch Godfrey and ARCH LM Test can be seen in Table  3 . The presence of serial correlation and ARCH effect on the error term indicates the violation of the classical OLS assumptions that led to conclusion that the estimation results by OLS are potentially biased and inefficient. These problems often occur in time series regression estimated by OLS that is why to determine hedge ratio by OLS method is often referred to as a naive method. Note: *** significant at 1% level of error, ** significant at 5% level of error, * significant at 10% level of error VECM hedge ratio is obtained by estimating VECM spot price and futures price. Before we estimate VCM, we should first test the stationarity of spot price and futures prices time series data. Table 4 shows the time series data of cocoa beans and coffee are not stationary at the data level, but both were stationary at the first difference. To examine cointegration relationship between spot price and futures price, we need to execute Engle-Granger method of cointegration test. Engle-Granger method is to test whether the residuals generated from the spot price and the futures price regression proved to be stationary. Table 5 shows the residuals are stationary, for cocoa beans and coffee so that it can be said there is cointegration relationship between spot and futures prices. Because it is proved by Engle-Granger method that there is a cointegration relationship for cocoa and coffee, the equation 6 is a cointegrating equation that reflects the long-term equilibrium relationship between spot price and futures price of those two commodities. The average and variance of monthly hedge ratio by VECM method using 3-month rolling windows can be seen in Table 6 . The estimation results of the spot price volatility and futures prices volatility with TARCH models and the average hedge ratio as measured by ARCH models can be seen in Table  7 and Table 8 . Table 9 show the hedging effectiveness of OLS, VECM and TARCH hedge ratio implementation. The effectiveness of hedging strategy implementing three different methods of hedge ratio determination is quite high at Jakarta Futures Exchange, both in cocoa beans and coffee. All methods resulted in a volatility reduction about 70% compared to unhedged position. Volatility of cash position on the spot market and a number of futures contracts is much lower than naked position which is rely completely on spot market.
Cocoa Beans
The effectiveness of hedging strategy by implementing VECM hedge ratio is the highest compared to the other two methods, OLS and TARCH, but its differences with OLS hedge ratio is very small. TARCH hedge ratio which is the most complex methodology gives the lowest effectiveness. Considering the complexity of the estimation procedure of TARCH and VECM models, the effectiveness of hedging strategy by implementing the simplest method, OLS hedge ratio, is a very interesting result. This findings in Jakarta futures exchanges are similar to those found by other researchers such as Lien (2005) and Gupta and Singh (2009) in US market and India futures market.
Hedge ratio estimated by OLS method tends to be lower than the VECM method hedge ratio because of cointegration relationship between spot and futures prices. However, the difference of the hedging effectiveness are only about 1 -2 % between OLS and VECM. Cointegration relationship does not affect significantly performance of OLS hedge ratio compared to the VECM. Slight hedging effectiveness differences between OLS and VECM in Jakarta Futures Exchange is suspected because of the Jakarta Futures Exchanges is still relatively shallow. Price dynamics of futures contract transactions at Jakarta Futures Exchanges is still relatively low in compared to more developed futures market in the region. As transaction volume increases and more trader come in the market, cointegration issue will affect hedging effectiveness in Jakarta Futures Exchanges more seriously because price dynamics will be more intense and volatile.
Conclusion
The effectiveness of hedging strategy on cocoa beans and coffee trading in the spot market by taking a position in the futures market in Jakarta is quite high. Jakarta Futures Exchange provides fairly good opportunities to take hedge positions in futures contracts which can reduce the volatility of portfolio returns up to 70% of naked position in the spot market. Three methods of determining the hedge ratio, OLS, VECM and TARCH, resulted in almost same of hedging effectiveness. VECM produce the highest hedging effectiveness compared to OLS and TARCH hedge ratio. VECM hedge ratio results a high hedging effectiveness because VECM accommodates cointegration relationship between spot and futures prices in the Jakarta Futures Exchange. Asymmetric volatility of spot and futures price in the Jakarta Futures Exchanges needs more robust conditional variance model than TARCH hedge ratio which results the lowest hedging effectiveness. As previous research, this results also show cointegration relation between spot and future price and volatility model are main obstacles to estimate an effective hedge ratio.
The high hedging effectiveness of implementing OLS hedge ratio provides good opportunities to implement hedging strategies in the Jakarta Futures Exchanges because to run a OLS estimation method is relatively very easy. However, the implementation of OLS needs to be run with caution because this research also proves that there is a cointegration relationship between the futures price and the spot price which may affect sigificantly OLS hedge ratio magnitude when there is a significant disequilibrium in the short run. This research also show that both spot price volatility and futures prices volatility are an asymmetric volatility. Cointegration and asymmetric volatility can lead to inaccurate hedge ratio in the short term and result a low hedging effectiveness.
